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METHOD AND APPARATUS FOR ASSEMBLING SUBSTRATE

TAbstract]
PROBLEM TO BE SOLVED: To provide a method for assembling a substrate by

Awhich the substrate can reliably be assembled, and to provide an apparatus for

the same.

SOLUTION: The apparatus for assembling a substrate has a means to hold the
whole area of another substrate by suction adsorption by é pressure plate in the
atmosphere, a means to mechanically hold the intermediate parts of a set of

opposite sides in the other substraté, a means which releases the suction
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adsdrption at the side of the remaining opposite sides in the other substrate to
makes each side into a free end, and then releases the éuction adsorption over
both intermediate parts of the set of the opposite sides, a means to apply a

voltage for electrostatic adsorption to the pressure plate when a vacuum

| chamber is set at a desired vacuum, and a means to hold the whole area of the

other substrate by the electrostatic adsorption of the pressure plate by holding
successively the remaining opposite sides which are the free ends of the other
substrate held over both intermediate parts of the set qf opposite sides by the
electrostatic adsorption of the pressure plate by the electrostatic adsorption of '

the pressure plate.
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[Claim 1]

A method for assembling substrates, wherein one substrate of a pair of
substrates attached to each other is afranged on a table Iocafed at-lower side in a
vacuum chamber, and the other substrate is maintained by electrostatic
absorption to a pressurizihg plate located in the vacuum chamber, the plate
opposing to a substrate loading surface of the table, and wherein respective
substrates are attached to each other by reducing a distance_ formed between. the
substrates in vacuum and by using adhesives applied on any one surface of the
respective substrates, the assembling method is charécterized in that the other
subStfate is formed to brotrude as a bow having a cylindrical surface wherein an
upper surface becomes an outer side in an atmosphere, and a mid-portion of the
upper surface is maintained by performing electrostatic absorp_tibn to the
pressurizing plate in a reduced pressure atmosphere, and after maintaining an
edge of the other substrate which becomes a free énd by electrostatic .absorption
with the pressurizing plate, and -main'taining a remaining edge of the other

substrate which becomes a free end by électrosfatic absorption with the

pressurizing plate, whereby opposing the other substrate to the one substrate by

maintaining the other substrate over whole surfaces through electrostatic
absorption with the pressurizing plate.

(Claim 2] A method for assembling a substrate, wherein one substrate of a pair
of substrates attached to each other is arranged on a table located at lowsr side
in a vacuum chamber, and the other substrate is maintained by eiectro_static
absorption to a pressurizing plate located in the vacuum chamber, the plate

opposing to the a substrate loading surface of the table, and wherein respective
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substrate are attached to each other by reducing a distance formed between the

substrates in vacuum and by using adhesives applied on any one surface of the

'fespective substrate, the assembling method is charécterized in that the other

substrate is maihtained over an entire surface thereof by performing suction
abSorption the other substrate to the pressurizing plate in an atmosphere, and a
mid-portion of the other substrate which is located between a pair of opposing

edges is maintained mechanically, and wherein the suction absorption of the

- remaining opposing edges is relieved to thereby make a respective edge to be a

free end, and suction absorption applied to the mid-portion located between the
péir of oppos'ing edges is relieved, and progressing vacuum forming in the
vacuum chamber to achiéve a desired vacuum degree, and then applying electric .
voltage for electrostatic absorption to the .pressurizing plate to thereby maintain
the other substrate by positioning the other substrate to the mid-poftion of the
pair of vopposing edges and performing electrostatic absorption with the
pressurizihg plate, and maintaining the remained respective edge, which.
becdmes a free end, by eleétrostatic absorption to the pressurizing plate in
sequence to thereby oppose the one substrate suppﬁrting over an enti_re surface:

to the other substrate by performing electrostatic absorption with the

-p‘res_surizing plate.

[Claim 3] The method of Claim 1, wherein t'h.e'suction abSorption performed to
the Amid-portion between the pair of opposing edges is relieved, affer-
mechanically maintaining the mid portion at a lower portion of the location of the
mid poﬁion mechanically supporting one end which becomes a free end of the

pair of opposing edges of the other substrate.
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[Claim 4] The method of claim 1 or claim 2, wherein the respective edge portion

of the substréte which becomes a free end is electrostatic absorbed by the

presSurizing plate after being ascended to a location where the electrostatic
absorption force of the pressurizing plate reaches.

[Claim 5] An apparatus for assembling substrates, whérein one substrate to be
attached is arranged on a table located at lower side in a vacuum chamber, and
the other substrate is maintained by electrostatic absorption to a pressurizing
plate located in the vacuum chamber, the plate opposing td- the a subétfate
loading surface of the table, and wherein respective substrates are attached to
each other by reducing a distanbe formed between the substrate_s in vacuum and
by u‘sfng adhesive; applied on any one surface of the respeétiQe substrate, the

apparatus is characterized by comprising: means for maintaining the other

_substrate over an entire surface in an atmosphere by performing electrostatic

absorption with the pressurizing plate; means for mechanically maintaining a
mid-portion of the other substrate between a pair of opposing edges of the other
substrate; means for relieving the suction absorption applied over the mid-

portion of the pair of opposin'g edgés after relieving the suction absorption of the

~remained opposing edges in the other substrate to make the reSpective edge be

free end; means for applying _,(_electri'c voltage for electrostatic absorption to the

" pressurizing plate after achieving a desired degree of vacuum in the vacuum

chamber; and means for shppoi‘ting the .other substrate over an entire surface
thereof through performing electrostatic absorption with the pressurizing plate by
maintaining the remained opposing edges of the other substrate, which become
free ends, by means of performing electrostatic absorption with the pressurizing

plate in sequence, the other substrate being maintained to be absorbed by

5



suctioh aﬁsorption in the mid-portion thereof of the bair of opposing edges with
-the pressurizihg plate.

[Claim 6] The apparatus of claim 5, wherein the pressurizing plate includes
‘means for performing suction absorption of an area formed of the mid portion
between the pair of opposing edges of the other substrate, and means for
performing suctioh~ absorption of an area formed at respective remained

opposing edges of the other substrate..
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[Title of the invention]

METHOD AND APPARATUS FOR ASSEMBLING SUBSTRATE

[ Detailed Description of the Invention]

[001]

[Field of the Invention]
The present invention relates to a method for assembling a substrate and an
apparatus for assembling the substrate, in which the substrate used for Iiduid
crystal panel and the like is stuck in an vacuum chamber.

-[o02] |

[Description of the Prior Art] As for an ass'emblin-g process of a liquid crystal
display panel, there has been included an substrate assembling process in which
a space having a distance of so_me pm between the substrates is prepared
between two sheets of glass substrates made of transparent electrodes or TFT
(thin film transistor) array énd the like, and the liquid crystal is sealéd into the
space. The substrate assembling process is disclosed in Japanese Patent
Application Laid Open No. 2000-284295. The conventional substrate assembling
process will be explained below.

~[003] At first, sealing materials are applied to enclose a surface anrig an
periphery edgé of a substrate, and the liquid crystal is dropped to inner sfde of 4
the suBstrate. In this instance, the qu_uid‘-crystal dropped on the substrate is
sealed not to leak out from the 'surface' of the substrate by the sealihg materials.

[004] Then, the substrate (herein-after, it is called as a lower substrate) is
arranged on a lower table (hence it is called as a table), and it is fixed on the table

by static absorption, and at the same time, an other side substrate (hereinafter it
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is called as an upper substrate), which is stuck to the opposing substrate, is
maintained to an upper table (herein-after it is called as a pressurized plate)
which is positioned above the table by static absqrption.

[005] After corhpleting these process, the position. of the two substrates is

determined, and then sticking is performed using the actual adhesion force by
comparatively moVing the one table .pressurizihg plate to the other pléte. In this
instance, the substrate can be stuck after the adhesives are applied on an actual’
peripheral position. Then, the two sheets of glass substrates v(herein-after they
are called as cells) between which the liquid crystal has been sealed can Se
assembled.
- [006] Next, an absorpfion process of the assembling process in which the
upper substrate is electrostatic absorbed to the pressurizing plate will be
explainéd below. it fs performed by suction absorbing the upperAsubs'trate to the
pressurizing plate in an atmosphere with supporting the peripheral edge of the
upper substrate by means of the supporting apparatus, and ‘making the uppef
substrate close to the pressufizing plate, and then performing pressure reduction
(forming vacuum) in the vacﬁum chamber, and converting the suction absorption
into the electrostatic absorption to a desired vacuuni degree. Further, because
several functional films for marking have been afranged on the Iowér surface of
Athe upper substrate, when ‘sométhing is contécted, the functional films can be -
dén_i_aged. Therefore, the peripheral edge of the substrate is maintained to be
fixed at the time of moving the substrate.

[007]

{Problems to be solved by the Invention] However, in the process of pressure

" reduction in the vacuum chamber, the upper substrate has been forced by the
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aischarge of small amounts of air contained between the upper substréte and the
pressurizing‘ platev to thereby move or 'drop the upper substrate of the
pressurizing plate. '

[008] Further, when small amounts of air remain between the upper substrate
and the pressurizing plate, electric discharge is produced between the

electrostatic absorption electrode ‘Vof the pressurizing plate and the upper

'~ substrate according to the conditions of voltage applied for electrostatic

absorption or vacuum degree of the remained air, or the_ distance between the_
uppér substrate and the pressurizing plate and the like, as a result, the upper
substraté falls because the electrostatié.absorption force becomes extinct due to
the éxtinction and migration of the electric charge during the discharge. |

[009] In this instance, in order to overcome the above explained . problems
arising from the prior ért, it has been suggested that vacuum is formed in the
vacuum chamber with supporting the peripheral edge of the upper substrate, and
when the vacuum degreé is achieved to be below a desi.red degreve, the upper
substrate is made closé to thel pressurizing plate to make the upper substrate to
be electrostatic absorbed to the pressurizing plate.

[0010] However, in this case, as thé size of the substrate bei:omes bigger to be

-thinner, the upper substrate is made to be bent to lower direction by its weight at

the mid portion to maintain the peripheral edges, so that the upper substrate céri

not be accurately electrostatic absorbed to the pressurizing plate because the-

electrostatic ébsorption force can not be applied to the mid portion, although the

peripheral edges press down the pressurizing plate. Further, in case of the small

substrate size, as the mid portion formed by supporting the peripheral edges are

small, the upper substrate may be absorbed to the pressurizing plate from the
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peripheral edge of the substrate to the mid portion thereof, and 'there remains
distortion in the absorbed glass substrate. When the distortion remains as stated
above, the cell can be damaged by light stress or impact force or the display
function of the liquid cr'ystai panel in the cell is deteriorated.

[0011] An object of the present invention is to overcome above explained
problems arising from the prior art, and to provide an assembling method of a
substrate and an apparatus for assembling it, in which the substrate can be
assembled accurately without any damages remained in the substrate, although
the substrate becomes larger and thinner.

[0012]

[Means for Solving the Problem] To achieve above object of the present

_ invention, according to the invention described in claim 1, one substrate of a pair

of substrates stuck to each other is arranged on a table located at lower side in a

. vacuum chamber, and the other substrate is maintained by electrostatic

absorption to a pressurizing plate located in the vacuum chamber, the plate

. opposing to the a substrate loading surface of the table, and wherein respective

- substrate are stuck to each other by reducing intervals formed between the

substrates in vacuum and by using adhesives abplied on any one surface of the
‘res'p'ecAtive substraté, the assembling method is characterized in that the other
substrate is formed to protrude as.a bow having a cylindrical surface wherein an )
upper surface becomes an outer side in an atmosphere, and a mid portion of the
upper surface is maintained by performing electrostatic absorption to the
pressuriiing plate in a reduced pressure atmosphere, and after maintaining an
edge of the other substrate which becomes a free end by electros_tatic absorption

with the pressurizing plate, and maintaining a remaining edge of the other
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substfate which becomes a free end by electrostatic absorption with the
pressurizing' plate, Whereby opposing the other substrate to the one substrate by
maintaining the other substrate over whole suifaces through electrostatic
absorption with the p'ressurizing plate. |

- [0013] Furtherni‘ore, according to the inventidn described in claim2, one
substrate is arranged on a table located at lower side in a vacuum chamber, and
the other substrate is maintained by electrostatic absorption to a pressurizing
plate located in the vacuum chamber, the plate opposing to the a subsfrate R
loading surface of the table, and wherein respective substrate are stuck to each
other by reducing intervals formed between the subétrates in vacuum and by

us‘ing adhesives applied on any one surface of the respective substrate, the

_ assembling method is characterized in that the other substrate is maintained over

whole surfaces thereof by performing suction absorption the other substrate to

the pressurizing plate in an atmosphere, and a mid portion of the other substrate

which is located between a pair of opposing edg'es is maintained mechanically,

énd wherein the suction absorption of the remaining opposing edges is relieved
to thereby make respective edge to be a free end, and suction absorption applied

to the mid portion located between the pair of opposing edges is relieved, and

progressing vacuum forming in the vacuum chamber to achieve a desired

‘'vacuum degree, and then applying electric voltage for electrostatic absorpfibn to

the pressurizing plate to thereby maintain the other éubstrate by positioning the
other 'sqbstrate to the mid portion of the pair of opposing edges and perfomiﬁg
electl;ostatic absorption with the pressurizing plate, and maintaining the remained
respective edge, which becomes a free end, by electrostatic absorption to the

pressurizing plate in sequence to thereby oppose the one substrate supporting
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over whole surfaces to the other substraie by performing electrostatic absorption
with thé pressurizing plate.

[0014]) According_ to the invention described in claim 3, in the method of claim 2,
the suction absorption performed to.the mid portion between the pair of opposing
edges is relieved, after mechanically maintaining the mid portion at a lower
portion of the location of -the mid portion mechanically supporting one end which
becomes a free end of the pair of opposing edges of the other substrate.

[0015] According to the invention described in claim 4, in the method of claim 1
or claim 2, the respective edge portion of the substrate which becomes a free end |
is electrostatic absorbed by the pressurizing plate after ascended to a location
where the electrostatic abs'orption force of the pressurizing plate reaches.

[0016] According to the invention describe'd in claim 5, one substrate to be
stuck is arranged on a table Iocated‘ at lower side in a vacuum ahamber; and the
other substrate is maintained by electrostatic absorption to a pressurizing plate
located in the vacuum chamber, the plate opposing to the a substrate loading

surface of the table, and wherein respective substrate are stuck to each other by

-reducing intervals formed between the substrates in vacuum and by using

adhesives applied on any one surface of the respeative Substrate, the apparatus
is characterized by comprising: means for maintaining the other substrate over
whole surface in an atmosphere by performing electrostatic absorption with the
pressurizing plate; means for mechanically maintaining a mid portion of the other
substrate between a pair of opposing edges of the other substrate; means for.
relieving‘ the suction absorption applied over the mid portion of the pair of
opposing edges after relieving the suction absorption of the remained 'opposing

edges in the other substrate to make the respective edge be free end; means for
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applying electric voltage for electrostatic absorption to the pressurizing plate

after achieving a desired degree of vacuum in the vacuum chamber; and means

for supporting the other substrate over whole surfa'c'e thereof through performing
electrostatic absorption with the pressurizing plate by maihtaining the remained
opposing edges of the other substrate, which become free end, by means of
performing electrostatic absorption with the pressurizing plate in sequence, the
other substrate being maintained to be absorbed by suction absorption in the mid
portion thereof of the pair of opposing edges with the pressurizing plate. |

[0017] According to the invention described in claim 6, in the assembling
apparatus for substrates of claim 5, the pressurizing plate includes means: for
perfdrming suction abéorption of an area formed of the mid pbrtion between the
pair of opposing edgés of the other substrate, and means for perforthing suction
absorpfion of an area formed at respective remained opposing edges of the other
substrate. |

[o018]

[Embodiment of the Invention]

An embodiment of an apparatus for assembling a substrate according to the

-present invention will now be explained with reference to the appended drawings

below. FIG. 1 is a schematic view for showing a structure of an apparatus for
assembling a substrate of the present invention, FIG. 2 is a planar view for.
showingva Vacuium chamber in the apparatus for assemblin_g the substrate shown

in FIG. 1, FIG. 3 is an enllarged view of main portions for showing a structure of a

. supporting claw mechanism (supporting body) in the vacuum chamber shown in

FIG. 2, FIG. 4 is a view for showing a table, a pressurizing plate, and an assistant

claw mechanism (assistant body) in the vacuum chamber shown in FIG. 2.
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[0019] The assembling apparatus for a substrate according to the present

invention 100 includes a device, a stage portion S1, a substrate assembling

portion S2, and a stage portion S3 moving in the Z axis direction. A frame 3 is
arranged on a foot plate 1 for supporting the stage portion S3 moving in the z
axis direction with a frame 2, which supports the substrate assembling portion S2,
and a stage portion S1 is proyided on a surface 6f the foot plate 1.

[0020] An X stage 4a with a driving motor 5 is provided at the stage portion S1,
to thereby enable a Y stage portion 4b arranged on the X stage 4avto move in the
X axis direction by the motor 5. Also, the Y stage 4b is provided with a driving
motor 6 to thereby move a Z stage 4c arranged on the Y stage 4b to the Y axis
diréction crossing the X a.xi's and the Z axis shown in FIG. 1 by the motor 6.
Further, a supporter 9a is arranged on the Z stagé 4c with a driving motor 8 to
support a shaft 8 to théfeby rotate the supporter 9a with regard to the Y >stage 4b
via the rotation bearing 7 by the driving motor 8.

(0021] A table 10 is arranged on an upper end of tﬁe shaft 9 to support a lower

substrate. Also, and lower end of a vacuum bellows 12 is fixed to the Z stage 4c

'via an arm 11. Because a sealed supporter 13 with a vacuum seal is fixed to the
- shaft 9 by means of the rotation bearing 7 via the arm 11, the shaft 9 assures

' good rotation and airtight property, and concurrently the arm 11 and the vacuum

béllows 12 are made not to rotate with the rotation of the shaft 9, despite the -
rotation of the shaft 9.
T0022] In addition, the substrate assembiing portion' S2 includes a vacuum .

chamber 14, a table 10 arranged in the vacuum chamber 14, a pressurizing plate

15, as will be explained below, a supporting claw mechanism 40 for supporting

and lifting the substrate, and a gate valve 16 arranged at an inlet of the vacuum
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chamber 14. In this instance, as shown in FIG. 1, the pressurizing plate 1 5 is fixed
to the stage pbrtion s3 m.oving. in the Z axis direction via the shaft 25. The shaft
25 is enclosed by the vacuum chamber 26 to maintain vacuum state in the
vacuum chamber 14.

[0023] A piping 20 is arranged under the vacdum chamber 14 for vacuum
discharge to be connected to a va'cuum‘ pump (not shown) via a change valve (not |
shown). Also, a piping 21 and a band change valve 22 are provided above the
vacuum chamber 14 to make the vacuum chamber from }vacuurr.l state ts be
atmospheric state. Further, an window is formed above the vacuum chamber 14
to observe an alignment mark (not shown) for aligning énd sticking Mo sheets of
substrates. Via the window 23 and an opening for sensing the mark of the
pressurizing plate 1.5, difference of the position alignment mark of both the upper
and the lower substrates.is measured by a sensing camera 24, and based on the
obtained results, position allgnment is performed to modify the posmon
dlfference of both substrates |

[0024] Then, the construction of the vacuum chamber 14 will be explained in

. detail in connection with FIG. 4. The table 10 is provided with an absorption .

opening to vacuum absorb the lower substrate, and the absofption opening is
connected to an absorption valve (not shown) arranged outside of the vacuum

chamber 14 via a piping 17. Also, the table 10 is provided with electrostatic

-iipp‘ers 10a to 10c for electrostatic absorption so that the lead lines are exposed

to outside of the vasuum chamber 14 as a main electrode and an assistant

_electrode.

[0025] While, a plurality of suction absorption openin‘g's 18a, 18b, 18c of the

pressurizing plate 15 are connected respective absorptio_n valve (not shown)
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outside of the vacuum chamber 14 via piping 19a, 19b, 19c. Also, the absorption
ar_eas‘ of the respective suction absorption openings 18a to 18c are arranged to be
directed to the right, center and left direction respéctiyely, for example, as shown

in FIG. 4, with regard to the drawiAng so that the absorption areas of the suction

~ absorption openings 18a to 18c can be changed by the respective absorption

valve. Further, as' valves are connected to respective piping 19a to 19¢ for
destructing the vacuum, the absorption areas of the substrates can be limited or
removed by opening the valves. In addition, as the. pressufizing plate 15 is
provided with electrostatic zippers 15a to 15¢ for electrostatic absorption, the
lead lines are exposed to the .outside of the vacuum chamber 14 as a main
electrode and an assfstarit electrode.

[0026] Also, the stage S3 moving in the Z axis includes a base 27 moving in the ‘

Z axis, a linear gﬁide 28, a ball screw 29, and a electric driving- motor 30,

thereby lifting the pressurizing plate 15 by means of the base 27.

[0027] Furthermore, various driving means including from a driving motor 5 to

air cylinders 62a, 62b for the stage portion S1, substrate assembling portion S2,
- and the stage portion S3 moving in the Z axis are controlled by the controlling

device not shown.

[[0028] Next, the supporting claw mechanism and the assistant claw
mechanism will bé explained in connection with the appended FiIGs 2 to 4.

[.00.29] -As shown in FIG. 2, two supporting claw mechanisms 40 are arranged on
both side of the substrate in the vacuum chamber 14 respectively, viewing from
the gate valve 16, and two assistant claw mechanisms are arranged before and
inner of the substrate respectively in the vacuum chamber 14, viewing from the |

gate valve 16.
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[0030] Then, the cofiguration of the supporting claw mechanism 40 will be
described below. A éupporting claw 41a is arrqnged above the upper substrate
B1 to form an interval between the supporting claws 41a,41b, so that the intervals
can be contacted when the upper substrate would be bent, and the Vsupporting
claw is fixed to a connection plate 42. As shown in FIG.4 by the dotted line, this is -
made because the upper substrate B1 can be maintained in a convex state
protruding to the upward direction by the supporting claws 41a, 41b. In this
instance, the connection plate 42_is mounted on the linear guide 43, which is
engaged with the lifting plate 44 to move horizontally in a direction denoted by an
arrow (1) in the drawings. Also, the connection plate 42 is ﬁxed to a linear guide
46 via a fixing device 45, and the linear guide 46 fs designed to move up and :
down along the guide plate 47 as denoted by an arrow (tl) shown in the drawing.
| [0031] The configuration will be described in detail beldw. The guide plate 47 is
provided with a through hole for a ball screw 48a, and the ball screw 48a is
engaged with a nut 48b, and the guide plate 47 is 'designed to move h-oriAzontaIIy
by rotatiﬁg the ball Screw 48a by means of the motor 49. Also, lower portion of

the guide plate 47 is prevented from swinging by the rotation of the motor 49, and

' the linear guide 52 is mounted below the guide plate 47 so that the guide plate 47.

can move smooth in the arrow (') direction.

- {0032] Furthermore, when the guide plate 47 moves in the horizontal direction

by the motor 49, the linear guide 46 can move in the horizontal direction in the

drawing, and accordingly the connection plate 42 fixed to the linear guide 46 can
move in the horizontal direction of the drawing via the linear guide 43 mounted at
the lifting plate 44. That is, the supporting claws 41a, 41b fixed to the connection

plate 42 can move in the arrow (') direction.
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100331 In addition, the lifting plate 44 is designed to move up and down along a
suppbrting plate 51 arranged vertically from a bottom plate of the vacuum
chamber 14 via a linear guide 50. Rock gears 54 are provided at both ends of the
lifting plate 44 so that drive force of the motor 55 can be transferred to the rock
gears 54 via a screw tooth wheel 56, a shaft 57, and a pinion gear 58 to thereby
move the lifting pléte 44 up and down. As described above, the connection plate
42 mounted at the lifting plate 44 can move up ahd down. That is, the supporting
claws 41a, 41b fixed to the connection plate 42 can move ih the arrow ()
direction. |
[0034] Then, the assistant claw mechanism 60 will be described in detail below.

Assistant claws 61a, 61b are mounted at air cylinders 62a, 62b to be able to move

~ up and down (in an arrow(/\) direction of the FIG. 4) and can revolute in a range

of 90+(in an arrow(Z) direction in FIG. 2). Also, surfaces of the suppoﬁing claws
41a, 41b or the assistant claws 61a, 61b is preferable to be rounded so that the

lower surf'a.ces can not be damaged in case of contacting with the lower surfaces

“of the upper substrate B1.

[0035] Meanwhile, FIG. 1 will be explained below again. In the drawing, numeral
70is a control device outputting operating signéls to vérious drive means, which
include driving motor 5 and the air cylinders 62a, 62b-éﬁd the like for the above
explained stage portion S1, substrate ass‘em_bling porfio,n S2, and the stage
portion S3 moving in the Z axis. ]n this case, the ope'rating sjgnals can be
outputted depending on the output of detecﬁng sensors mounted at various
drivingA means (not shown) or measured |.'es.ults and the iike of the position
alignment mark of both the substrates received from sensing cémeras 24, and

operators of the assembling apparatus 100 will dete.rmine whether or not to
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output signal signals, a portion of the determination can be made by a sequence
program loaded to fhe control device 70 (something programmed from an
appropﬁate portion of an assembling process as will be described below).

[0036] From now on, the substrate assembling process performed' by the
substrate assembling ‘appara}tt'us conFlGured as abbvé will be described in detail
below. First of all, the gate valve 16 is opened, ahd then with employing substrate
moving hands of a transferring device (not shown) provided outside of the
vacuum chamber 14, the upper substrate B1 is inserted into the vacuum cham»ber
14 from the gate valve 16 with the film surface of the substrate facing to the
downward direction. Next, By using the substrate moving hands, the surface of
the sﬁbstrate B1 is pressed downward from the pressurizing plate 15, and |

concurrently, the suction absorption of the upper substrate B1 is maintained by

means of the suction absorption openings 18a, to 18c of the pressurizing plate 15.

After maintaining the absorption of the upper substrate B1 via the above process,
the substrate moving hands is migrated from the vacuum chamber 14. |

[0037] Incidentally, thg supportihg claws 41a, 41b are moved to a height formed
between the pressurizing plate 15 and the table 10 by means of the motor 55, and

concurrently the supporting claws 41a, 41b are moved to a position receiving the

. upper substrate B1 by means of the motor 49, and then with employing the

substrate moving hands outside of the vacuum chamber 14, the lower substrate
B2 is transferred on the éupporting'claws 41a, 41b. After comp'l_et'iAng the transfer
of the substrate, the supporﬁng claws 41a, 4‘i b loaded with the lower sub_strate :
B2 are moved down to a claw interference prevention groove (not shown) formed
at the table 10 by means of the motor 55, as a result,‘the lower substrate B2 can

be transferred on the table 10. In this instance, sealing materials are applied on

19



10

15

20

the peripheral edges of the substrate surface to define a rim previously on the

surface of the lower substrate B2 to thereby drop desired amounts of liquid

“crystal within the areas of the sealing materials.

[0038] After completing the above described process, the supporting claws 41a,
41b are moved in the far away direction from the horizontal table 10 by means of
the motor 49, and Will be in a standby. state. Also, after niigfating the substrate
moving hands to outside of the vacuum chamber 14, the gate valve 16 is closed.

[0039] Then, the assistant claws 61a, 61b are lifted by meéns of the air
cylinders 62a, 62b, and are revolved to 90 degrees to the upper ends, and then |
lowered. Thus, the lower substrate B2 becomes to be interposed between the
assistant claws 61a, 61b aﬁd.the table 10. At this state, the lower substrate B2 is
vacuum absorbed to the table 10 by employing.the sucfion absorption piping 17
of the table 10. In tﬁis fnstance, the lower substrate B2 is interposed between the
assistant claws 61a, 61b and the table 10 so that the lower substrate B2 cannot
move with regard to the table 10, when the small amdunt of air remained between

the table 10 and the lower substrate B2 is discharged in the process of

" performing pressure reduction in the vacuum chamber 14.

[0040] After vacuum absorbing Athe lower substrate BZ to the table 10, the
supporting claws 41a, 41b positioned at a height formed between the
préssurizing plate 15 and the table 10 is moved héfizbntally to.thereby ascend the -
supporting claws 41a, 41b till the su‘pporting claw 41a.can contact the lower
surface of the upper substrate B1, which is suction absorbed to the pressurizing
plate 15. Also, since the upper substrate B1 is absorbed to the pressurizfng plate

15 horizontally and the supporting claw 41b is located below the supporting claw
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41a by a distance d, the supporting claw 41b do not contact the lower s‘vurfat':e of
the upper subétrate B‘1 in this ihstance. .

[0041 l After the contacting of the upper substrate B1 with the suppo‘fting claw
41a, both the suction absorption openings 18a, 18c of the three suction
absorption areas formed at the pressurizing plate 15 are damaged of vacuum, and
only the mid absorption opening 18b  is maintained at the suction absorption
state. Whereby, the upper substrate B1 is bent by its weight toklc‘ower both ends of
the upper substrate B1. That is, the upber substrate B1 is fo_rmed to be a conQex
shape with positioning the binding place of the supporting claw 41a in the center

of the substfate. Accordingly, as shown in FIG. 4 as a dotted line, the peripheral

. edges of the upper substrate B1 in the gate valve 16 side can be loaded on the

-supporting claw 41b. Then, the vacuum of the center suction absorption opening

18b formed at the pressurizing plate 15 will be removed.

[0042] Further, after completing the above explained pro_céss, discharge of the
vacuum chamber 14 is initi‘ated by utilizing the vécuum pump connet‘:tedvto the
piping 20 to thereby red@ce the pressure of in the vacuum chamber 14. When the

vacuum degree of the vacuum chamber reaches a desired degree, the

“electrostatic absorption between the pressurizing plate 15 the upper substrate B1,

and the electrostatic abéorp_tion between the table and the lower substrate B2 is
perfbnned. In ihis instance, as the Ipwei'. sqbstrate B2 is loaded on the table 16 _
directly, it is fixed as it wasAby converting the suction absorption ihto the
electrostatic abSorption.

. [0043] Meanwhile, because the upper substrate B1 is designed to protrude to
form a convex shape by the supporting claws 41a, 41b, the upper substrate B1

can not be absorbed to the pressurizing plate 15 horizontally through merely ‘
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performing the electrostatic absorption of the pressurizing plate 15. As a result,

at first, the electrostatic zipper 15b formed at mid of the substrate is operated to

perform electrostatic absorption of the mid portioh of the substrate. Then, by

ascending the assistant claw 61a arranged at the gate valve 16 side, a hanging
portion of the upper substrate B1 in the gate valve 16 side is moved upward,
which is suppressed from bending by means of the supporting claw 41b. After
the hanging portion of the upper B1 .substrate is moved to approach the
pressurizing plate 15 within the distance-wherein the .electrosfatic absorption
force can act, and when electric voltage is applied to an electrostatie zipper 15a,>
the'gate valve 16 side of the upper substrate B1 can be fixed and maintained to
the pressurizing plate 15 by means of electrostatic absorption. Then, with regard
to an oppoSed hanging portion of the uppef substrate B1 in the gate valve 16 side,
after it is moved to abproach the pressurizing plate within the distance wherein
the electrostatic absorption force act by ascending the assistant claw 61b, and
then electric voltage is applied to the electrostatic zfpper 15c to thereby perform

electrostatic absorption of the hanging portion of the substrate to the

- pressurizing plate 15 so that the hanging portion of the upper substrate B1

opposing the gate valve 16 can be electrostatic absofbed to the pressurizing
plate 15. Accordingly, the'upper substrate B1 can be electrostatic absorbed to the
pressurizing plate 15 horizontally.

[0044] In this instance, in case of the. electrostatic absorption process of the A
upper substrate, although the upper substrate B1 becomes to be supported by
the supporting claws 41a and the assistant claws 61a, 615 when the assistant
claw 61b, which is not suppressed te bend by the supporting claws, is previously

ascended before the ascending of the assistant claw 61a, or when the assistant
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claws 61a, 61b are simultaneously ascended to the pressurizing pléte 15, the
convex shape of thé substrate protruding Upv_vardly is reversely transformed to
form concave shape. As a resuit, the distance from the concave portion to the
pressurizing plate 15 becomes farther so that the up_per.substrat'e B1 cannot
electrostatic absorb the pressurizing plate 15. horizontally. Accordingly, the
assistant claw 61a located- at the supporting claw 41b is ascended at first so that
reverse transformation cannot be produced. When the electrostatic zipper 15a
electrostatic absorbs the gate valve 16 side of the upper spbstrate' B1, the Qpper
substrate B1 is prevented from producing reverse transformation appearance and
the upper substrate B1 is méintained to be horizontal by the pfessurizing platé 15,
eveﬁ though the remaining portion of the upper substrate side is ascended by the-
assistant claw 61b. |

[0045] Further, althoﬁgh the electric Voltagé is applied in sequence to
respective electrostatic zippers 15a, 15b, and 15c, in the process of electrostatic

absorption, as the upper substrate B1 is protruded upwardly to form'convex

shape by means of the.supporting plate 41a, 41b and the electrostatic absorption

force cannot be brought about in the concave portions of the substrate except

.the‘mid portion thereof, it is good to apply electric voliage to the other

electrostatic zippers 15a, 1'5c simultaneously with applying the electric voltage to
the"electrostétic zipper 15b. _

[0046] As described above, 'after the upper substrate B1 is electrostatic
absorbed to the pressuriziﬁg plate 15, and the lower substrate B2 is elect".rostatic
absorbed to the table 10 respectively, thé claws are located at standby position

after the assistant claws 61a, 61b are rotated to be discharged from the surface of
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the substrate, or the supporting claws 41a, 41b are moved in the horizontal
directioln to be far away from the substrate.

[0047] At this state, the moving base 27 is lowered in the Z axis direction by
means of the electromotor 30, and the upper substrate B1 becomes close to the
lower substrate B2. In this instance, the position alignment marks attached to
respective substrate. B1, B2 are detected by means of the sensing camera 24, and
the position difference between the substrates is measured. The stage portion S1
is controlled based on the measured value .obtained through the 'aboveprocess,
and the lower substrate B2 is moved to a desired position to perform alignment of
the upper substrate B1 and the lower substrate B2 so that the upper substrate B1
and the lower substrate B2 .can be attached and fitted properly. |

[0048] After completing the position aligmﬁent, the moving base 27 is still more
lowered in the Z axis direction, and the upper substrate B1 is overlapped on the

lower substrate B2 on which the sealing materials are applied previdUsly. Then,

-the sticking attachment of the substrate in which the liquid crystal is sealed, is

performed in the range where the sealing materials are applied. Also, after

‘attaching the substrates, it is desirable to maintain the alignment of the upper

substrate B1 and the lower substrate B2, and it is also desirable to previously

'app‘ly adhesives having photo-hardening property on a film surface of the

substrate. .

[0049] After the assembling process, electric voltage application to the

electrostatic zipbers 15a to 15c is stopped and the base 27 moving in the Z axis

direction is ascended, and then the electric voltage application to the

electrostatic zipper of the table 10 is stopped, and concurrently the converting
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valve 22 for the bends is opened to result in forming atmospheric pressure in the
vacuum chamber 14;

[0050] After forming atmospheric pressure in the Vacuum chamber 14, the gate

valve 16 is opened to thereby open the vacuum absorption opening 17 of the

table 10. Then, the cell is ascended by means of the supporting claws 41a, 41b,
and the moving hands of the substrate transferring device (not shbwn) is inserted
below the cell to thereby migrate the cell on the substrate moving hands, and
then the cell is taken out from the vacuum chamber 14 by withdrawing the
substrate moving hands.

[0051] ln"this instance, when the vacuum chamber 14 is changed from vacuum
state into atmospheric state, air streamA is produced in the véeuum chahber 14,
and the cell on the table 10 happens to migrate by means of the air stream. When
the cell on the table 10 nas migrated, even if it is tried to transfer the cell on the
substrate moving hands by lifting the cell with the supporting elaws 41a, 41b, it is
impossible to lift the cell because the cell is out of alignment from the subporting
claws 41a, 41b. Accordingly, it is desirable to lightly hold the cell between the
assistant claws 61a, 61b which is withdrawn and the table 10 at the time of
diseharging the air in the vacuum chamber 14.

[0052]

[Effects of the Invention]

As des’éribed above, according to the rneth_od and apnaratus for assembling a
subStrate of the pfesent- invention, although. the size of the substrate becomes'v
larger and thinner, it is possible to manufacture the substrate with long durability
without remaining any distortion on the substrate.

[Description of Drawings]
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. - FIG. 1 is a schematic view for showing a structure of an appairatus for‘
assembling a substrate of the present invention;
FIG. 2 is a planar view for showing a vacuum _chamber in the apparatus for
assembling the substrate shown in FIG. 1:

FIG. 3 is an enlarged view of main portions for showing a structure of a

| sUpporting claw mechanism (supporting body) in the vacuum chamber shown in

FIG. 2; and
FIG. 4 is a view for showing a table, a pressurizing plate, and an assistant

claw mechanism (assistant body) in the vacuum chamber shown in FIG. 2.

[Explanation on Numerals]

100: substrate assembling apparatus

'S1: stage pbrtion

S2: substrate assembling portion
S3: stage poi‘tion moving inthe Z axié» direction

B1: upper substrate B2: lower substrate

10: table (table in the lower side)

14: vacuum chamber

15: pressurizing plate (table in the upper side).
15a — 15¢: electrostatic Zipper. 16: gate valve
18a - 18c: suction absorption opeﬁing

40: supporting claw mechar)ism,portion-

41a, 41b: supporting claw

. 60: assistant claw mechanism portion

61a, 61b: assistant claw
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